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Introduction 
The utilization of surplus apples has become of 
increasing importance to the apple growing sections in the 
United States. In the years from 1935 to 1937, inclusive, 
an average of 168,827,000 bushels of apples was produced. 
Of these, an average of only 78,462,000 bushels was sold 
for fresh use. There remains about 90,365,000 bushels, 
part of which is dried and the rest either wasted or 
diverted into other uses. 
A considerable share of this surplus is converted 
into vinegar, brandy, apple sirup, jams and jellies; some 
of it is manufactured into canned apples for bakery tfse. 
Of increasing importance are apples canned in sirup for 
table use, including canned, baked apples. 
In New England the apple is one of the most impor¬ 
tant agricultural crops. William R. Cole, of Massachusetts 
State College Extension Service, estimates that an average 
of 9,500,000 bushels are produced yearly. Of these, only 
5,500,000 bushels are sold as fresh apples. 
The remaining surplus of about 4,000,000 bushels 
is either pressed for cider or is wasted. As there is 
little canning in the New England states, it is estimated 
that 750,000 bushels are made into cider, yielding about 
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2,250,000 gallons. Much of the remaining 3,250,000 bushels 
could be converted into cider, yielding about 10,000,000 
gallons, provided a market could be found. 
In the past two years, cider has been changed from 
a seasonal beverage to an acceptable fruit product that can 
be enjoyed year-round, due to the recent developments in 
canning methods. The 1935-36 average for the United States 
was 1,250,000 cases of 24 quarts. 
If apple juice is allowed to ferment either natur¬ 
ally or by inoculation with yeast, a product called “hard 
cider** is produced. Fermented cider can be either naturally 
or artificially carbonated. It has a limited market, but 
if quality control is practiced, this product may become 
popular as an alcoholic beverage. Any surplus could be 
converted into vinegar. 
Oider jelly was at one time a fairly important New 
England home product. The jelly was produced by boiling 
cider, as it came from the press, until it formed a jelly 
test, i.e., flaked off a spoon. Six to seven gallons of 
cider were concentrated to produce one gallon of jelly. 
The produot was tough, tart, dark colored and had a defi¬ 
nite “caramel*1 flavor. In recent years very little has been 
produced; of this, most is used in flavoring pies, apple 
butter and other miscellaneous uses. It was with the idea 
of improving cider jelly that the present investigation was 
started. 
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Purpose 
The purpose of this present work was to try to 
improve older jelly according to the following outline: 
I. Jellies will be made using unclarified, fresh cider, 
concentrating the cider to 30, 30 and 40 per cent 
solids. Deficiencies in sugar, acid and pectin will 
be supplied where needed. 
II. Pectinol-clarified, fresh cider will be made into 
jellies. 
A. The cider will be concentrated to 20, 30, 40 
and 50 per cent solids and sugar and pectin 
added as necessary to produce a good jelly. 
B. A blend of apple jelly stock with concentrated 
ciders to build up deficiencies in pectin will 
be tried. 
0. Twenty per cent of the sucrose will be substi¬ 
tuted by dextrose. 
III. Fermented or "hard" cider will be made into jellies. 
A. The solids will be concentrated to 8, 10 and 
15 per cent, and sugar and pectin will be added 
to build up deficiencies in these substances. 
B. A blend of apple jelly stock and apple pomace 
extract with the hard cider will be tried. 
IV. Characteristics of different blends and types of 
apples used in jelly making will be determined. 
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Revlew of Literature 
Analysis of apples 
According to Charley (1933) the average composition 
of apple pulp is as follows: 
Water 83 per cent 
Invert sugar 11 H 
Sucrose 1.5 a 
Malic acid 0.2-1.3 N 
Tannin 0.05-.07 M 
Pectin 0.3 N 
* 
Ash 0.2-.4 It 
Starch 0.5 N 
Malic acid is the chief acid present, but others, 
including citric and galacturonic, Manville (1937), are 
present. The work of Sherman (1937) indicates that the ash 
of the edible portion of the apple consists of: 
Calcium 0.007 per cent 
Magnesium 0.008 N 
Potassium 0.127 M 
Sodium 0.011 H 
Phosphorus 0.013 N 
Chlorine 0.005 N 
Sulfur 0.006 H 
Iron 0.0036 M 
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Fellers (1933) and Manville (1934) have found that 
apple8 are a fair source of vitamin C and have small 
amounts of vitamins A, B and G. While apples are not a 
completely balanced food, they compare favorably with other 
fresh fruits. 
Cider 
In this country, cider manufacture is not the con¬ 
trolled process that it is in Europe. In Europe, accord¬ 
ing to Clague and Fellers (1936) apples are grown and 
selected especially for their contribution to the produc¬ 
tion of a full-bodied cider. 
Fellers (1932) states that there are four factors 
to consider in the blending of cider: (1) the percentage 
of sugar, (2) the tannin content, (3) the pH, and (4) 
titratable or total acidity. Caldwell (1922) found that 
each of these must be present in a rather definite ratio 
to produce a desirable cider. The Russet or Baldwin apples 
are generally considered to be the beet when any one single 
variety is used, but by the blending of two or more vari¬ 
eties, a much better product can be obtained. 
A list, as prepared by Fund (1939) showing a few 
of the better known varieties, is given here in relation 
to their acidity. 
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High acid Medium acid Low acid 
Baldwin Fall Pippin Cortland 
Jonathan Gravenstein Golden Delicious 
Northern Spy Wagener Macintosh 
Wealthy Winter Banana 
Rhode Island Greening Rome Beauty 
Twenty-Ounce Delicious 
Roxbury Russet 
Yellow Newton 
Gore (1914) considered that fresh cider, to he pal¬ 
atable to the consumer, should contain about 12 per cent or 
more soluble solids and 0.5 per cent or more total acidity 
as malic acid. Also the presence of 0.5 per cent acid is 
necessary to stabilize the tannins. 
In addition to the proper blending, Pickford (1933) 
believes that the problems of cider making which must be 
included are: the selection of the ripeness of the fruit, 
attention to the storage of fruit, the methode of washing, 
milling and pressing, and proper storage of the cider 
after pressing. 
Cider apples, after the proper blends are selected, 
should be sorted to remove rot and worms. In all oases, 
Cruess (1938) states, they should be thoroughly washed to 
remove dust, insects and spray residues. The Federal Food 
and Drug Regulation prohibits the marketing of any fresh 
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oider containing more than 0.018 grain of arsenic per pound, 
thus further necessitating thoroughly clean apples. 
Clague and Fellers (1936) found that the average 
analysis of a good cider blend would be: 
pH 3.5 
Soluble solids 12.60 per cent 
Pectin 0.19 ■ 
Tannin 
Acid 
Ash 
0.08 
0.51 
0.18 
From Bufton18 work (1937), the sugars in fresh 
cider were found to be in the following ratio: 
Sucrose 25 per cent of total sugar 
Dextrose 20 * " " 
Levulose 60-90 » 
Clarified cider. Cider may be clarified by the gelatin- 
tannin method or by enzyme treatment. 
According to Fellers (1936), the addition of gela¬ 
tin and tannin to cider causes a fluffy precipitate to form. 
The precipitate settles to the bottom, carrying most of 
the colloidal particles with it and leaving the cider 
clear. Apparently the precipitate is caused by a combina¬ 
tion of the tannin, pectin and gelatin. Enough tannin must 
be added back to the cider to make up for the loss in 
precipitation. 
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The simplest method of clarifying cider is with 
pectinol, an enzyme preparation made from the water extract 
of certain molds. The pectinol breaks down the soluble 
pectin in the cider to simpler substances which are insol¬ 
uble and settle out. Other materials, having lost the 
protective action of the pectin, also precipitate. The 
cider must be heated at 140° F. for 10 minutes after this 
treatment to inactivate the enzymes. 
Cruess (1934) determined that the addition of sul¬ 
fur dioxide and the inoculation of a pure culture of yeast 
produced better results in making fermented cider than did 
natural fermentation. 
Jelly making 
According to Cruess (1938), a perfect jelly is 
clear, sparkling, transparent and of attractive color. 
When removed from the glass, it should retain its form and 
should quiver, not flow. It should not be sirupy, sticky 
or gummy, and should retain the flavor and aroma of the 
original fruit. When cut, it should be tender and yet so 
firm that a sharp-edged and smooth, sparkling cut surface 
remains• 
In order to obtain these desirable characteristics, 
the various constituents (sugar, acid and pectin) must be 
in a definite ratio. No one constituent can be said to be 
the most important, as they are all interrelated. 
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Of the acids naturally present in fruits (tartaric, 
malic and citric), Strong, (1936) considered tartaric to 
be the most effective in jelly making and citric the least. 
Boy8 and Fenton (1936) say acid adds firmness to the jelly 
in that it toughens the pectin fibrils, permitting them to 
support the sirup in the interspaces. Too much acid forms 
a tough jelly, while too little forms a weak jelly. 
Hinton (1939) defines pectin as the substances or 
mixture of substances extracted from fruits by suitable 
means, which, in association with sugar and acid, form 
jellies. 
Gortner (1939) suggests that pectin is a chain of 
galactopyronose rings, thus: 
where the carboxyl groups are 75 per cent methylated, and 
the position of the free carboxyl is arbitrary. From vis¬ 
cosity studies, there are indications that at least 200 
galacturonic residues are present in the chain. 
According to Hinton (1939), the jelling properties 
of a pectin apparently are controlled by: 
(1) Its inherent quality (some pectins are natur¬ 
ally strong and others naturally weak.) 
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(2) The degree of heating to which it has been 
subjected. 
(3) The possible beneficial effects of treatment 
with rather strong acid at ordinary temperatures or below. 
(4) The degree of de-esterification caused by acids 
or pectase action, probably connected with the number of 
free carboxylic groups exposed. 
(5) The pH conditions. 
(6) The possible beneficial effects of some salts. 
The production of fruit jellies for edible purposes 
requires the addition of some sugar. Tarr and Baker (1924) 
stated that whether it is cane, beet or glucose does not 
matter. Hinton (1939) has made jellies by the use of gly¬ 
cerine, but these jellies are not of commercial interest. 
The sugar exists in an almost saturated solution held 
within the pectin lattice; its function may be that of a 
dehydrating agent. 
Apple jelly. The following is a typical home recipe for 
apple jelly, according to Chenoweth (1938): 
(1) Wash and clean the fruit, slice cross-wise in 
slices about one-fourth inch thick. 
(2) Add one pint of water for each pound of fruit. 
(3) Boil slowly in covered kettle for 15 minutes. 
(4) Strain through one thickness of cheese cloth, 
taking juice that runs freely. 
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(5) Return pulp to kettle and add same amount of 
water as in Number (2). 
(6) Cook slowly for 15 minutes. Let stand 10 or 15 
minutes. 
(7) Strain through one thickness of cheese cloth, 
squeezing out all juice. 
(8) Mix the two extractions and strain through four 
thicknesses of good cheese cloth. The yield should be one 
quart juice to each pound of apples. 
(9) Concentrate the juice to one pint for each 
pound of original fruit by boiling rapidly. 
(10) Add three-fourths pound sugar for each pint 
of concentrated juice in making the jelly. 
(11) Boil rapidly until a "sheet test" is secured. 
(12) Pour into clean, dry glasses and allow to cool 
two or three minutes and skim, then paraffin. 
Cider iellv. A review of the available literature indicated 
that little work had been done on the production of a cider 
jelly of good quality. The old cider jelly was a product 
made by boiling fresh cider to the jelling point. This 
resulting product was tough in texture, dark in color and 
had a caramel flavor. 
In 1938 Clague and Fellers suggested that enough 
pectin could be added to fresh cider so that when sugar was 
added and the mixture boiled to a sheet test, a satisfactory 
product could be obtained. This jelly was said to be much 
less tough and acid than old fashioned cider jelly. 
A typical recipe for cider jelly from a leaflet 
from Massachusetts State College is: 
"The cider must be sweet and must be from firm, 
sound apples. The jelly is made by concentrating the cider 
by rapid boiling to a temperature of 219 1/2° F. or until 
it gives the jelly test." 
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Experiment al Procedures 
In this work the apples used were sound, clean, 
two and one-half inch, grade B apples. They were kept in 
cold storage until ready for use, sorted and made into 
cider. The cider was either filtered or pectinol treated 
and filtered before making into jelly. 
Baldwin and Russet apples are considered to be the 
best cider apples when used alone, and, as Russets were not 
available in large enough quantities, Baldwins were 
selected in order to have a cider with a fairly constant 
composition. 
Texture of iellv 
For the grading of texture in jellies, measurement 
was made of the jelly strength, i.e., the force in grams 
required to push a plunger into the surface of the jelly. 
The instrument used in this work was that described by 
Fellers and Clague (1932). The tester works on the prin¬ 
ciple similar to that utilized for the testing of the 
maturity of pears, apples, peaches and similar products. 
It was found by experiment that a force of from 60 to 70 
grams was required to rupture a jelly of optimum texture. 
Determination of jelly strength of pectin 
The jelling strength of the pectin in the cider 
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wae determined by adding enough sugar to 200-gram portions 
of cider to make a series of cider solutions containing 70, 
80, 90, 100 and 110 grams (35 , 40 , 45 , 50 and 60 per cent, 
respectively) of total soluble solids. These solutions 
were concentrated to 70 per cent solids and jelly strength 
determinations were made. The jelly of optimum jelly 
strength was the jelly containing 100 grams of total sugar. 
Therefore, the pectin naturally in the cider would be con¬ 
sidered as 0.5 grade, as the pectin in one gram of cider 
will jell 0.5 gram sugar. 
Jelling strength of pomace extract concentrate was 
similarly determined and found to be 2.6 grade. 
Exchange Citrus Pectin from the California Fruit 
Growers Exchange was used where a citrus pectin was util¬ 
ized. This pectin contained no added sugar or acid. The 
jelling strength was determined by adding one gram to a 
series of sugar solutions of 130, 140, 150, 160 and 170 
gram portions of sugar with such an amount of water as 
would make the solution have a solids content of 50 per 
cent. The solutions were adjusted to a pH of 3.2 with 
citric acid. Then they were boiled until each contained 
70 per cent solids as determined by the refractometer. 
After standing 18 hours in eight-ounce glasses, these arti¬ 
ficial jellies were removed and graded for texture. Results 
are given in Table 1. 
Table 1. Determination of Jelling Strength of Citrus Pectin 
Sugar 
Final 
soluble 
solids 
Average jelly 
strength 
reading 
gram 8 per cent grams 
130 70.0 120 
140 70.0 100 
150 69.9 55 
160 79.0 10 
170 69.0 0 
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The jelly with 150 grams of sugar had the optimum 
texture. Therefore, the pectin was taken as 150 grade— 
that is, one gram of pectin would jell 150 grams of sugar 
under optimum conditions. 
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Experimental Results 
Use of unflltered cider in jelly 
Cider was run through a cheese cloth as it came 
from the press. After standing two days at 40° F. (4.4° C.) 
in the refrigerator, the cider was separated from the 
sludge on the bottom by decanting. 
The jelling strength of the pectin in the fresh 
cider was determined experimentally. Contrary to the com¬ 
mon belief that cold-extracted pectin has poor jelling 
properties, this pectin was found to be of good quality. 
The pectin in 200 grams of cider was found to be sufficient 
to jell 100 grams of sugar. The grade of the pectin of 
the cider would be 0.5. 
Cider jellies were made by concentrating cider of 
15 per cent soluble solids to 20 per cent and 30 per cent 
solids. Enough sugar was added to give the solution a 50 
per cent soluble solids content. The 30 per cent solids 
juioe contained enough pectin to set the jelly; the 20 
per cent juice was reinforced with enough additional citrus 
pectin to set the jelly. The pectin requirement was deter¬ 
mined by the following steps: 
(1) Dividing the grade of pectin of the cider by 
the weight of cider used. The resulting number was the 
number of grams of sugar the pectin in the cider would jell. 
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(2) Subtracting this figure from the total grams of 
sugar in the jelly gives the amount of sugar to be jelled 
by additional pectin. 
(3) Dividing the answer by the grade of additional 
peotin necessary. The answer was the number of grams of 
additional pectin necessary to produce a good jelly. 
The jellies were concentrated to 70 per cent solids. 
After 18 hours the jellies were graded. The results are 
given in Table 2. 
The cider jelly prepared from unfiltered cider was 
extremely cloudy and a pale yellow in color. The flavor 
was flat. 
Filtered cider used in making .jelly 
Cider, as it came from the press, was put through 
the Alsop filter with the aid of diatomaceous earth. The 
resulting cider was clear, with a good body. 
Jellies were made of unconcentrated cider and cider 
concentrated to 20, 30 and 40 per cent solids. The sugar 
and pectin requirements were calculated and the jellies 
prepared as before. 
Results are given in Table 3. 
This cider jelly had a good flavor. At 30 per cent 
solids, the cider had a pectin content sufficient to form 
a good jelly. The 40 per cent concentrated cider contained 
an excess of pectin and the jelly was too firm. 
Table 2. Characteristics of Unfiltered Cider Jelly 
Soluble 
solids 
in cider 
Malic 
acid Color Flavor Remarks 
per per 
cent cent 
20 0.725 Yellow Flat Cloudy 
30 1.150 Dk.yellow Applesauce Cloudy 
Table 3. Characteristics of Filtered Cider Jellies 
Soluble 
solids 
in cider 
Malic 
acid 
Soluble 
solids Jelly 
in jelly strength Color Flavor 
per 
cent 
per 
cent 
per 
cent 
gram 8 
14 0.427 66.5 20 Yellow Mild, flat 
20 0.589 69.9 20 Amber Slight tart 
30 1.090 70.0 80 Dk.amber Acid, good 
40 1.550 70.0 200 Red Good 
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The judges preferred the jelly prepared from the SO per cent 
solids concentrated cider. 
Peotinol-treated cider 
Apple juice was treated with pectinol to destroy 
all pectin present. The exact amount of pectin required to 
jell the sugar in the jelly was calculated and added. Thus, 
all guess work for determining the ratio of pectin to sugar 
was eliminated and the texture and yield of the finished 
product was fairly constant. 
The juice, as pressed, was treated with pectinol. 
After the pectinol reacted for 12 hours, the supernatent 
cider was filtered through an Alsop filter with Hi Speed x 
60 filter pads. The resulting juice was a clear, amber 
liquid that gave no alcohol precipitate of pectin when 
greated with an equal volume of alcohol, thus indicating 
that no peotin was present. 
Use of apple lellv stock. It was believed that a good 
jelly might result from a blend of concentrated cider with 
apple jelly stock, as used in making apple jelly. The 
jelly stock was extracted according to recommendations of 
Fellers (1936). 
The cider was concentrated to 50 per cent solids 
and added to the jelly extract in the amount required to 
Increase the soluble solids content of the jelly stock 
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to SO| 30 and 40 per cent. The solids were then increased 
in each case to 50 per cent by the addition of sucrose. No 
pectin was added. The results are given in Table 4. As 
a rule the jellies were weak due to insufficient pectin. 
If the extract had been concentrated as in making apple 
jelly, this difficulty could have been overcome. The jelly 
preferred by the judges was the one made from the blend 
containing 30 per cent solids. 
Use of a pomace extract. Apple pomace was leached 
overnight in running water to extract the sugars and the 
acid. The extraction was made by adding three parts water 
to one part wet pomace by weight and heating at 190° F. for 
one hour. The pomace was pressed and the extract filtered 
and concentrated about three and one-half times by boiling 
in an open kettle. The jelling strength of the pomace 
extract was determined by the same procedure as for cider. 
The strength was such that 100 grams of extract would jell 
260 grams of sugar. 
The cider was made into jelly by using the fresh 
cider of a 14.8 per cent soluble solids content with enough 
sugar to bring the solids up to 50 per cent. The amount of 
pectin necessary to form the jelly was added, and the sol¬ 
ution was concentrated to 70 per cent solids. The amount 
of pectin was determined by calculating the total amount 
of sugar in the 50 per cent solution, then dividing the 
Table 4. Characteristics of Jelly Using Various Blends 
of Jelly Stock and Concentrated Cider. 
Soluble 
solids 
in blend 
Final 
t>H 
Italic 
Soluble 
solids 
in Jelly 
Jelly 
strength Color Flavor 
per 
cent 
per 
cent 
per 
cent 
grams 
16 3.50 0.446 67.7 0 Lt. yellow Mild apple 
20 3.77 0.553 69.0 15 Lt.amber Mild cider 
30 3.50 1.135 69.8 10 Amber Very good 
40 3.63 1.750 67.1 55 Red Good, aoid 
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grams of sugar by the grade of pectin (2.6 grade) and add¬ 
ing the resulting number of grams of pectin solution. 
The cider was also concentrated to 20, 30, 40 and 
50 per cent solids by boiling in an open steam kettle. 
Sugar and pectin were calculated in the same way as above. 
The jellies were finished at approximately 70 per cent 
solids as read on a refraotometer. In all instances, the 
jellies were boiled to a temperature of 220° F. Sheet 
tests and refraotometer readings supplemented the temper¬ 
ature in determining the end point. By combining all three 
methods ordinarily used for finishing jellies, fairly con¬ 
stant finishing points were obtained. Results are given 
in Table 5. 
These jellies were all of fine flavor; the color 
was better than all previous cider jellies. The acid 
flavor of the series of jellies increased with the titrat- 
able acidity. The jellies prepared from the 30 per cent 
solids concentrated cider was preferred by the judges. 
The 40 per cent and 50 per cent solids concentrated cider 
had a pleasing flavor, but was considered by the judges to 
be too tart. 
The color increased from a pale yellow in the jelly 
from 15 per cent soluble solids cider to a deep red in the 
jelly prepared from 50 per cent soluble solids cider. 
Table 5, Characteristics of Jellies from Ciders of 
Various Concentrations. Pomace Extract was 
the Source of Pectin. 
Soluble Jelly 
solids Final Malic soluble Jelly 
in cider pH acid solids strength Color Flavor 
per 
cent 
per 
cent 
per 
cent 
gram 8 
15 3.51 0.590 68.6 30 Light Good, mild 
20 3.50 0.874 70.0 35 Yellow N si. acid 
30 3.34 1.215 68.0 30 Amber M cider 
40 3.36 1.840 70.0 60 Red Acid 
50 3.08 2.520 65.4 30 Dk.red 81. caramel 
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Uge of citrus pectin. The experiment in jelly making was 
repeated, except for the substitution of 150-grade citrus 
peotin for the apple pectin. The results are given in 
Table 6. 
i 
This series of jellies was similar in color and 
flavor to the jellies prepared using pomace extract as the 
source of pectin, although the flavor was not quite as 
desirable. The judges preferred the jellies prepared from 
the 30 per cent soluble solids, concentrated cider. 
Addition of citrus pectin and citric acid. In general, the 
pH of a full-bodied cider is naturally low enough to form 
a good jelly. However, as the optimum pH for jelly forma¬ 
tion i8 considered to be about pH 3,1, an adjustment to 
this hydrogen ion concentration would possibly improve the 
product. The set of jellies was made from concentrated 
juices of 15, 20, 30, 40 and 50 per cent solids as in the 
previous experiment. The pH of these juioes was adjusted 
to 3.1 with citric acid before concentrating to the finish¬ 
ing point. The results are given in Table 7. 
If acid is added, the jelly tends to weep. Weep¬ 
ing is a phenomenon that occurs in jellies when the pH is 
too low; the jelly, on standing, exudes a sirup that causes 
it to be sticky. 
The jellies were similar in color the correspond¬ 
ing previous jellies, but the jelly was quite a bit more 
Table 6. Characteristics of Jellies Made from Ciders of 
Various Concentrations. Citrus Pectin was the 
Source of Pectin. 
Soluble 
solids 
in cidei • oH 
Acid 
as 
malio 
Final 
soluble Jelly 
solids strength Color Flavor 
per per per grams 
cent cent cent 
14.8 3.45 0.41 69.8 75 Yellow Sweet,flat 
20.0 3.50 0.75 70.4 60 Amber * mild acid 
30.0 3.48 1.23 70.5 150 Dk.amber Good,si.acid 
40.0 3.39 1.77 69.1 100 Red-amber Mildly acid 
50.0 3.49 2.50 69.2 100 Deep red Very acid 
Table 7. Characteristics of Jellies Made from Ciders of 
Various Concentrations. Citrus Pectin Was the 
Source of Pectin. Citric Acid was Added to 
Adjust the pH to 3.1 
Soluble 
solids 
in cider 
Final 
PH 
Acid Soluble 
as solids Jelly 
malic in jelly strength Flavor Remarks 
per per per grams 
cent cent oent 
13.5 3.03 0.75 67.8 60 Flat Sticky 
30.0 3.10 1.46 70.5 45 Sl.acid Collapsed 
30.0 2.91 2.14 70.5 75 Acid Weepy 
40.0 3.20 1.97 70.3 65 Very acid Weepy 
50.0 3.33 3.45 71.4 90 Too acid Weepy 
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tart. The judges preferred the jelly prepared from the 20 
per cent soluble solids, concentrated cider. 
Use of dextrose. Many jelly manufactures are using part 
dextrose in their jellies and preserves, since dextrose is 
cheaper than sucrose. In this experiment 20 per cent of 
the sucrose was substituted with dextrose. The jellies 
were made up with citrus peotin following the procedure 
used previously, except for the change in type of sugar. 
The results are given in Table 8. 
Dextrose jellies seemed to set quicker and had a 
tendency to be firmer than those made without the addition 
of dextrose. The color was lighter than the corresponding 
jellies in which only sucrose was added. The flavor was 
not improved by the addition of dextrose. 
Sffect of variety of apple 
The juice from Golden Delicious apples, which 
usually doe8 not produce a good, full-flavored cider, was 
used to make a series of jellies. When the cider made 
from these apples was concentrated to contain 30 per cent 
solids, the pH was 3.62. This may have been too high, as 
jellies made from this juice did not set. However, when 
the pH wa8 adjusted by the addition of citric acid to pH 
3.4, a good jelly was obtained that had a fine flavor 
somewhat similar to that of Baldwin cider jelly. 
Table 8. Characteristics of Jellies Made from Various Con¬ 
centrations of Cider When 20 per cent Dextrose 
Was Substituted for Sucrose 
a 
Soluble 
solids 
in cider 
Final 
pH 
Malic 
acid 
Jelly 
soluble Jelly 
solids strength Color Flavor 
per per per grams 
cent cent cent 
15 3.45 0.411 69.8 75 Yellow Sweet,flat 
20 3.20 0.625 68.5 120 Lt.amber « little 
character 
30 3.20 1.620 69.0 115 Amber SI. acid 
40 3.40 1.800 73.2 120 Lt.brown Acid 
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A blended cider was made from equal portions of 
three varieties of apples; Golden Delicious, Russet and 
Macintosh. This cider was concentrated to 30 per cent 
total solids and with the addition of sugar, was made into 
a jelly. The jelly was firm, had good color and a fine 
flavor. 
Effect of prolonged heating 
Cider was concentrated to 30 per cent by heating 
in a tin-lined copper kettle for a period of six to eight 
hours. The pectin naturally in the juice was completely 
broken down, as indicated by the lack of alcohol precipi¬ 
tate. It was necessary to add pectin to form a good jelly. 
The jelly made from this juice had a distinct caramel 
flavor. The color was dark red. 
Yield data 
One gallon of pectinol-treated Baldwin cider (15 
per cent solids) was concentrated to 30 per cent solids, 
yielding two quarts juice which naturally contained 1.2 
pound of sugar. An additional 1.6 pound of sugar was 
added to make the sugar content 2.8 pounds or 50 per cent 
sugar. Sufficient pectin to jell 2.8 pounds sugar was 
added. The jelly was concentrated to 68 per cent solids; 
the finishing point was also determined by sheet test. 
The yield was 3.75 pounds of finished jelly or eight eight- 
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ounce glasses of jelly. 
Cost data: 
Cost of one gallon cider $ .040 
Cost of 1.6 pound sugar at 4.7 cents a pound .075 
Cost of pectin, 100-grade, at $1.00 a pound .038 
Cost of materials for eight eight-ounce glasses $ .143 
Suggested home recipe 
Boil four cups of fresh, filtered cider to two cups. 
Add one cup of sugar and, if necessary, pectin. Boil to 
221° r. or a sheet test. Pour into clean glasses, let set 
for two or three minutes and skim. When cool, pour melted 
paraffin over the hardened jelly. 
Hard cider jelly 
Many cider makers have on hand a large amount of 
hard cider which has only a limited market. This can be 
converted into vinegar, but vinegar commands a low market 
price, especially in surplus amounts, and its manufacture 
is not always profitable. 
If a good jelly could be made of fermented cider, 
perhaps this would be a good outlet for surplus cider. 
The fermented cider used in this experiment was obtained 
from a plant in Connecticut. The alcohol content was six 
per cent with four to six per cent soluble solids. 
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Thia fermented cider was made into jelly. Sugar 
was added to the fermented cider to adjust the soluble 
solids to 50 per cent. Citrus pectin was added in suf¬ 
ficient quantities to set the jelly. The juice was boiled 
to a sheet test and poured into glasses. Also, fermented 
cider was concentrated to 10 per cent and 15 per cent sol¬ 
uble solids. Sugar and pectin were added as before, and 
the juice was boiled until a sheet test was reached. The 
jellies, after standing overnight, were graded. Results 
are given in Table 9. 
The judges of these samples were divided in their 
opinions of hard cider jelly. They either liked the flavor 
very much or did not like it at all. The flavor can best 
be described as the flavor of hard cider. The best of the 
jellies seemed to be those from unconcentrated, fermented 
cider. No alcohol could be recovered from these jellies. 
Relative .ielling strength of pectin from different sources 
The amount of pectin in cider jellies prepared from 
the 30 per cent solids, concentrated cider and containing 
pectin from various sources, was determined by the alcohol 
precipitate method. The first sample was jelly prepared 
from pectinol-clarified cider. Citrus pectin was added in 
the exact amount to set the jelly at 70 per cent solids. 
The second sample also was prepared from pectinol-clarified 
cider, but apple pomace extract was added to secure the 
Table 9. Characteristics of Fermented Cider Jelly 
Soluble Jelly 
solids Malic Jelly soluble 
in cider t>H add strength solids Color Flavor 
per per grams per 
cent cent cent 
6 3.38 0.32 30 68.0 Yellow Yeasty,hard cider 
10 3.41 1.67 120 69.9 Yellow Hard cider 
15 3.32 1.28 120 72.5 Amber Tart,hard cider 
amount of pectin to set the jelly at 70 per cent solids. 
The third sample was cider jelly prepared from filtered 
cider. No pectin was necessary. The results are: 
(1) Citrus pectin (commercial, 150 grade). . 1.03 per cent 
pectin as alcohol precipitate. 
(2) Apple pectin (pomace heat extracted at 
190° F. for 30 minutes.. . 1.33 per cent 
pectin as alcohol precipitate. 
(3) Apple pectin (naturally in cider). . . . 0.62 per cent 
pectin as alcohol precipitate. 
From these results it will be noted that approxi¬ 
mately one-half as much pectin was required to form jellies 
when the pectin used was cold extracted in the cider. The 
citrus pectin and apple pectin, heat extracted, were approx¬ 
imately of the same jelling strength. 
Storage of fresh cider 
Fresh cider for use in jelly making can be heated 
to boiling and put in clean, sterile carboys or barrels or 
concentrated to the desired per cent solids and stored. 
The concentrated cider will develop a slight sediment on 
the bottom, but when the clear liquid is decanted off, it 
will make a clear jelly. Thus, jelly would not have to be 
made during the cider season, but could be stored until a 
slack period. 
-27- 
Summary 
!• Cider jelly of good quality was prepared by 
concentrating filtered cider to 30 per cent soluble solids 
Ordinarily no additional pectin will be necessary. Suf¬ 
ficient sugar was added to adjust the soluble solids con¬ 
tent to 50 per cent. The solution was concentrated to 68 
to 70 per cent solids. The jelly was poured into glasses, 
skimmed and sealed. 
2. Cider for cider jelly manufacture should be 
made of clean, sound apples. The cider should be tart and 
of good flavor, since any undesirable or metallic flavors 
will be increased by the concentration of the juice. 
3. Cider from blended apples yielded a superior 
flavor in jelly. By proper blending of apples of high 
acid and low acid content, a low acid cider is avoided. 
4. Due to the difficulty in filtering fresh cider 
cider for jelly was treated with pectinol, an enzyme that 
destroys the pectin. The pectinol-treated cider filtered 
readily. The pectin requirement was then calculated and 
added in the exact amount required to set the jelly. This 
jelly had a flavor very similar to those prepared of fil¬ 
tered cider that was not pectinol treated. 
5. Apple pomace extract, apple jelly stock and 
citrus pectins were used to make jellies. The two sources 
of apple pectins gave better flavored jellies than the 
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citrus pectin, but not enough difference is noted to jus¬ 
tify the use of any one source of pectin because of flavor 
alone. However, cider mills have pomace on hand and it 
probably would be economically more desirable to use a 
pomace extract. 
6. By determining the jelling strength of any 
pectin used, the yield and composition of jelly can be 
controlled. 
7. The best jellies were formed by concentrating 
the cider to 30 per cent soluble solids before adding the 
sugar and the required pectin. Acceptable jellies were 
formed from ciders concentrated to 20 and 40 per cent sol¬ 
uble solids. Jelly from cider concentrated to 50 per cent 
solids was too tart for most people, since the acid also 
i8 concentrated. No sugar was added to the latter jelly. 
8. The cider should be boiled down rapidly or the 
jelly will be dark and have an undesirable flavor due to 
the caramelization of the sugars. The jellies should not 
be made in large amounts or the darkening will occur due 
to the excessive heating before reaching the finishing 
point. 
9. Dextrose substituted for 20 per cent of the 
sucrose was not beneficial to cider jelly. 
10. Jelly from hard cider can be prepared with a 
good texture, but the flavor was not acceptable to all 
judges. 
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Conclusions 
Cider concentrated to a 30 per cent solids seemed 
to make a preferable jelly. If possible, it is better to 
use some source of apple pectin, but this is not necessary. 
The new cider jelly is a high-grade product that 
i 
can be produced cheaply and sold for a fair profit if 
conditions are favorable. 
A market can undoubtedly be built up for this type 
of jelly if care is used in the manufacture and sale of 
the product. 
-30- 
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Introduction 
A true marmalade is a clear jelly in which pieces 
or slices of fruit are suspended. Many so-called marmalades 
are merely jams, as the fruit is frequently cooked until its 
identity is lost. 
Orange marmalade is a familiar product, both in the 
United States and abroad. As this is practically the only 
popular marmalade, new marmalades would be welcome on the 
market. 
The use of deciduous fruits in marmalade has, in 
the past, been largely overlooked with the possible excep¬ 
tion of Bar-de-loc of France, a marmalade prepared from 
currant8. 
The use of apple slices in marmalade has been 
neglected, possibly due to the lack of character of the 
finished product. As cider jelly has a tart flavor, it was 
% 
thought that an attractive marmalade could be prepared by 
combining unpeeled slices of red-skinned apples with cider 
jelly. 
The object of this work was to produce an accept¬ 
able marmalade using apple cider jelly combined with slices 
of unpeeled, red-skinned apples. Also, an attempt was made 
to MsetH the anthocyanin pigments in the apple peel by 
reaction of the pigment with mineral salts. 
2- 
Review of Literature 
Shrader (1939) states in his book that a marmalade 
is a preserve or jelly containing thinly sliced skin. 
Cruess (1938) mentions that marmalades can be made 
using deciduous fruits by combining apple juice with thinly 
sliced, firm peaches, figs or other firm fruits. 
Anthocyanin pigments 
C. E. Sando (1937) in his studies on the coloring 
matter in apples identified two pigments in the apple. The 
yellow pigment, occurring in varieties such as the Grimes 
Golden, was isolated and found to be 3 galactosidyl 
quercetin. H 
The red pigment occurring in varieties like the 
Jonathan and Stayman Winesap has been identified as idaein, 
a galactoside of cyandin. 
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Evidence favors the supposition that the red apples 
have a mechanism for changing the quercetin to cyandin, 
while in the yellow apples this mechanism is probably entire¬ 
ly lacking. 
Culpepper and Caldwell (1927) in their work on 
anthocyanin pigments stated that a large number of antho- 
cyanine form complex salts with metals, resulting in alter¬ 
ation of color. Shibata, Shibata and Kasiwagi (1919) have 
shown that in a large number of anthocyanins the addition 
of a metal in an aqueous solution produces a shifting of 
the color toward the violet end of the spectrum. The degree 
of alteration depends upon the metal employed. It is, 
therefore, well established that anthocyanins generally, 
regardless of the color of the free pigments, react with 
many metals with an accompanying alteration of color toward 
the violet end of the spectrum. 
Experimental Procedure 
In this investigation the definition, Mmarmalade is 
a clear jelly with pieces of fruit suspended in it," is 
kept in mind. The apple slices in the marmalade were kept 
in one piece; the jelly between the slices was clear and 
free from apple bits. 
Use of sliced apples 
Marmalade was made from filtered cider concentrated 
to 30 per cent solids. Sugar was added to bring the solids 
to 50 per cent. Cored, Number-one Baldwin apples, sliced 
l/32-inch thick were added and the marmalade was cooked to 
220° F. The marmalade was allowed to stand a few minutes 
before pouring in glasses to prevent the slices from float¬ 
ing. It was poured into eight-ounce glasses, paraffined 
after hardening and allowed to stand one week before being 
opened for judging. 
This marmalade was of a good texture and flavor. 
The red peel on the apple slices faded somewhat and the 
color "ran," producing a jelly base with a deeper red color 
than the original. 
In order to avoid overoooking the apple slices, 
they were added after the jelly had reached a boiling point 
of 218° F. The marmalade was finished at 220° F. After 
the marmalade was set, the slices were firm, clear and had 
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& good flavor. The color In the peel did not Mrunw appre¬ 
ciably, but after two or three weeks, faded out considerably. 
Vacuum treated apple slices 
In an attempt to produce apple slices that were 
clear and impregnated with sirup, the apple slices in a 40 
per cent sirup were subjected to a 20-inch vacuum for five 
minutes. Upon release of the vacuum, the slices were clear. 
A marmalade was made using these treated apple 
slices. The slices were added to the cider jelly when the 
boiling temperature of the jelly was 218° F. The marmalade 
was finished at 220° F. 
After one week the marmalade was graded for flavor 
and color of the peel and jelly. The apple slices had 
faded badly and the jelly had taken on a red color. The 
flavor was good. The apple peels were tough, but the flesh 
of the apple was tender. 
Pre-cooking the apple siloes 
In an attempt to tenderize the peel on the apple 
slices, the slices were blanched for three minutes in boil¬ 
ing water. This treatment took much of the color from the 
peel. These cooked slices were used in marmalade. At the 
end of one week the marmalade containing these slices was 
opened and graded. This marmalade had a nice flavor, but 
the red of the apple peel had faded until the peel was light 
yellow in color. 
Yield data 
One gallon of filtered cider was concentrated to 
30 per cent solids, yielding one-half gallon. To this was 
added 1.6 pound sugar. No pectin was necessary. The jelly 
was boiled to 218° F. and three 2 l/2-inch sliced Bennet 
apples were added before continuing the boiling to 220° F. 
or a sheet test. The yield was 11 eight-ounce glasses. 
Treatment of the ancles with various metallic salts 
In the work of Caldwell (1927) it is stated that 
anthocyanins react with various metals to produce colors 
from red to violet. The anthocyanins in the apples used 
faded after a short time, and it was thought that perhaps 
one of the metal salts would react with the anthocyanin 
pigment to produce an acceptable red color that would not 
fade rapidly. 
The apples treated were Bennet, a new variety of 
red apple developed with a fairly heavy pigment. They were 
washed with ether to remove the outer wax coating and placed 
in a 20 per cent sugar solution containing one per oent of 
the metallic salt to be used. The 20 per cent sugar solu¬ 
tion was used to insure the metal ions1 moving by osmosis 
into the apple. The apples were left in this solution for 
24 hours and the marmalades made by boiling the cider jelly 
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to 218° F., adding the apple slices and finishing the marm¬ 
alade at 220° F. 
Two glasses of jelly were made using the same 
treated apple. One glass was put in the dark and the other 
in the window for five weeks. At the end of this period, 
the color of the apple peel and the jelly were noted. The 
results are given in Table 1. 
From Table 1 it will be noted that in the light, 
the color in the apple peel was changed considerably from 
the original red. The yellow color resulting from zinc 
chloride, strontium acetate and tri-sodium phosphate seemed 
to be a result of the production of a very soluble pigment 
as the color "ran”, making the cider jelly red. 
The purple color developed in the untreated apple 
and those treated with aluminum chloride, manganous sul¬ 
phate and calcium sulphate was not a disagreeable color 
but had an artificial appearance. 
Lead acetate and sodium bicarbonate treated apples 
retained their color quite well. 
In the dark, the color in the peel did not ttrun“ 
as it did in the light. The peel faded out badly except 
in the apple slices treated with lead acetate and sodium 
bicarbonate. 
Effect of variety 
Bennet, Baldwin and Macintosh varieties of apples 
Table 1. Effect of Salts upon the Pigments 
in the Bennet Apple 
In light_ In dark 
Jelly Peel Jelly Peel 
Untreated apple 
(control) Light red Purple Lt. red Purple 
ZnClg Light red Yellow Amber Yellow 
sr(02H303)2 Ligfct red Yellow Amber Yellow 
Na3P04 Light red Yellow Amber Yellow-purple 
AICI3 Light red Lt.purple Red Yellow 
BaClo SI.bleached Lt. pink Amber Yellow,trace 
Hg(C2H302)3 Light red Purple-red Amber 
purple 
Yellow,trace 
purpie 
SnOlg Light red Lt. pink Amber Yellow,trace 
K2Cr2°7 Light red Purple-red Amber 
purple 
Yellow-purpie 
Bleached Light pink Amber Light purple 
MnS04 Red Purple Lt. red Light purple 
C6H807 Bleached Lt. pink Bleached Yellow 
CaS04 Red Lt. purple Lt. red Purple 
PbtOgHjO^ Light red Lt. red Red Dark purple 
NaHC03 Amber Lt. red Amber Red 
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were used to make marmalades. Other red varieties were not 
available, since the work was done in February and March, 
and there were no other red varieties in storage at that 
time. These varieties were used in making marmalade without 
treatment of the peel. 
After a week it was noted that the color in the 
Macintosh peel had faded completely, the color in the 
Baldwin was partly retained, while the Bennet peel retained 
much of its original color. 
This work indicates that variety has a pronounced 
effect on the keeping of the red color in the peel. 
Use of cubed apples 
The apple pieces were cut in cubes with a piece of 
peel on each cube. This gave an attractive marmalade. 
Also, the apples were peeled, sliced or cubed, and used in 
the marmalade. Some of the judges preferred the peeled, 
cubed apple. Others preferred the peels on the apples 
because they gave a very attractive appearance. 
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Discussion 
i -j 
The work done in this report indicates that apple 
cider marmalade has possibilities in the commercial field. 
It has a very "different" flavor. From a sales standpoint, 
the color on the peel makes an attractive pack that catches 
the consumer* s eye. 
More work on the problem of setting the color in the 
apple peel along with some method of tenderizing the peel 
should be done. In general, the treatment of the apple 
peel with metallic salts is not successful. The anthocyanin 
salts tend either to lose their color rapidly or become 
purple. While this purple is not unattractive, it does 
look artificial. Also, the use of lead would be ruled out 
by the Food and Drug laws. 
Sodium bicarbonate proved to be the most successful 
treatment for apple peel. In the dark the peel took on a 
heavy red, while in the light this color tended to fade out 
slowly. Since the greater part of the storage life of 
marmalade is in the dark, sodium bicarbonate treatment 
might be helpful. 
Varieties of apples and their color characteristics 
could also be studied with the idea in mind of securing a 
permanent red color in the apple peel. Possibly the impreg¬ 
nation of the skin with one of the coal tar dyes would solve 
this problem unless it conflicted with the Food and Drug laws. 
10- 
Summary and Conclusions 
1. Apple slices used in marmalade made from cider 
jelly and apple slices should not be overcooked. To pre¬ 
vent overcooking, the cider jelly should be boiled to 218°F. 
before adding the apple slices and the marmalade finished 
by using the sheet test. 
2. Vacuum treated apple slices used in marmalade 
were not successful, as the color in the peel faded rapidly, 
3. In order to "set" the red color in the apple 
peel, the whole apple was washed with ether to remove the 
wax coating, and placed in a one per cent sodium bicarbon¬ 
ate solution for 12 to 14 hours before coring and slicing. 
These treated apple slices were added to the jelly when 
the boiling point was 218° F. 
4. Variety of apple seemed to have a pronounced 
effect on the keeping of the red color in the apple peel 
when used in marmalade. The deeper red varieties kept 
their color longer than the lighter red varieties. 
5. The various metallic salts of the anthocyanins 
are not effective in setting the red color in the apple 
skin when the peel is used in marmalade. 
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